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Figure 1: Comparison of exact and approximate NLO results for the top-quark pT distribution in t ¯t produc-
tion at 8 TeV LHC energy.
1. Introduction
QCD corrections at next-to-leading order (NLO) and higher orders in the strong coupling are
known to be significant for top pair and single top production. An important set of these cor-
rections are those from soft-gluon emission and they turn out to be numerically dominant. The
analytical structure of the soft-gluon terms in the perturbative series involves logarithmic plus dis-
tributions [lnk(s4/m2t )/s4]+, with mt the top-quark mass, k ≤ 2n−1 for the n-th order corrections,
and s4 = s+t1+u1 (with s, t1, u1 standard kinematical variables) the kinematical distance from par-
tonic threshold, which is more general than absolute threshold (i.e. top quarks are not necessarily
produced at rest and can have an arbitrarily large transverse momentum, pT ).
These soft corrections have now been resummed to next-to-next-to-leading-logarithm (NNLL)
level, and approximate NNLO results have been obtained for top-pair [1] and single top [2] produc-
tion. The calculations in [1, 2] are all for double-differential cross sections, e.g. in pT and rapidity,
using the moment-space resummation formalism in perturbative QCD.
The threshold approximation works very well for LHC and Tevatron energies; in fact it is
an excellent approximation for total and differential top quark cross sections: there is only ∼1%
difference between NLO approximate and exact cross sections, and similarly for differential dis-
tributions in pT and rapidity. The excellence of the approximation is expected to persist also at
NNLO (as has been checked for total cross sections, see e.g. discussions in [3]).
In Fig. 1 we compare the approximate NLO result for the top quark pT distribution in t ¯t
production at 8 TeV LHC energy to the exact NLO [4] result. As can be seen in the plot the
approximation is excellent and this shows that soft-gluon emission provides the dominant contri-
bution. For the best prediction for differential distributions one must add the NNLO approximate
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Figure 2: The approximate NNLO normalized top-quark pT distribution at 7 TeV LHC energy compared
with CMS data [6] in the ℓ+jets channel. The solid line is the central result with µ = mt and the dotted lines
show the scale variation.
corrections from NNLL resummation [1] to the exact NLO results [4].
2. Top quark distributions in t ¯t production
We begin with top-antitop pair production. In our results we use the MSTW2008 NNLO
parton densities [5]. In Fig. 2 we show the normalized top quark pT distribution, (1/σ)dσ/d pT ,
at approximate NNLO at 7 TeV LHC energy using a top quark mass of 173 GeV. The variation
with renormalization and factorization scales over the interval mt/2 < µ < 2mt is displayed, and
the central result is with µ = mt . In addition, the CMS data [6] in the ℓ+jets channel are also shown.
The agreement with theory is excellent and is better than at NLO, as shown in [6]. The effects of
the NNLO soft-gluon corrections is to soften the distribution; this is a natural extension of the fact
that the NLO corrections (either soft-gluon alone or complete) soften the LO distribution. Similar
agreement is found with CMS data [6] in the dilepton channel. Finally, more recent data from
CMS at 8 TeV energy [7] show again a softening of the spectrum and excellent agreement with the
NNLO approximate result.
In Fig. 3 we show the normalized top quark rapidity distribution, (1/σ)dσ/dY , at approxi-
mate NNLO at 7 TeV LHC energy using a top quark mass of 173 GeV. Again the variation with
scale is displayed. The agreement with CMS data at 7 TeV in the ℓ+jets channel [6] shown in the
plot is again excellent. Similar agreement is found with CMS data in the dilepton channel [6] and
also at 8 TeV energy [7].
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Figure 3: The approximate NNLO normalized top-quark rapidity distribution at 7 TeV LHC energy com-
pared with CMS data [6] in the ℓ+jets channel. The solid line is the central result with µ = mt and the dotted
lines show the scale variation.
3. Top quark distributions in single-top production
We continue with single-top production and present top-quark transverse-momentum distribu-
tions in t-channel and tW production. The NLO differential distributions for single-top production
have been known for over a decade [8]. Here we show approximate NNLO results from NNLL
resummation.
We begin with the t channel, which is numerically the dominant single-top process. In Fig. 4
we show the t-channel approximate NNLO top-quark pT distribution [9] at 7 and 8 TeV LHC ener-
gies. The central results are with µ = mt and the variations with renormalization and factorization
scales over the interval mt/2 < µ < 2mt are also shown.
The corresponding results for the t-channel single-antitop pT distribution are shown in Fig. 5.
The plots in Fig. 6 show the pT distributions for t-channel single-top (left plot) and t-channel
single-antitop (right plot) production at 7, 8, and 14 TeV LHC energies over a wider pT range up
to 1000 GeV.
Finally, we study the associated production of a top quark with a W boson. This is numerically
the second largest single-top process at the LHC. In Fig. 7 we show the top quark pT distribution
in tW− production at the LHC at 7 and 8 TeV energies.
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Figure 4: The approximate NNLO t-channel single-top pT distributions at 7 and 8 TeV LHC energies. The
scale variations are indicated by the dotted lines.
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Figure 5: The approximate NNLO t-channel single-antitop pT distributions at 7 and 8 TeV LHC energies.
The scale variations are indicated by the dotted lines.
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Figure 6: The approximate NNLO t-channel single-top (left plot) and single-antitop (right plot) pT distri-
butions at 7, 8, and 14 LHC energies.
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Figure 7: The approximate NNLO tW -channel single-top pT distributions at 7 and 8 TeV LHC energies.
[3] N. Kidonakis, in Snowmass 2013 Proceedings, SNOW13-00008, arXiv:1304.7775 [hep-ph]; in these
proceedings, arXiv:1309.1442 [hep-ph].
[4] W. Beenakker, H. Kuijf, W.L. van Neerven, and J. Smith, Phys. Rev. D 40, 54 (1989); W. Beenakker,
W.L. van Neerven, R. Meng, G.A. Schuler, and J. Smith, Nucl. Phys. B 351, 507 (1991).
[5] A.D. Martin, W.J. Stirling, R.S. Thorne, and G. Watt, Eur. Phys. J. C 63, 189 (2009) [arXiv:0901.0002
[hep-ph]].
[6] CMS Collaboration, Eur. Phys. J. C 73, 2339 (2013) [arXiv:1211.2220 [hep-ex]].
[7] CMS Collaboration, CMS PAS TOP-12-028.
[8] B.W. Harris, E. Laenen, L. Phaf, Z. Sullivan, and S. Weinzierl, Phys. Rev. D 66, 054024 (2002)
[hep-ph/0207055].
[9] N. Kidonakis, Phys. Rev. D 88, 031504 (2013) [arXiv:1306.3592 [hep-ph]].
6
